Extensive optical and ultraviolet (UV) observations of the type Ia supernova (SN Ia) 2012fr are presented in this paper. It has a relatively high luminosity, with an absolute B-band peak magnitude of about −19.5 mag and a smaller post-maximum decline rate than normal SNe Ia [e.g., ∆m 15 (B) = 0.85 ± 0.05 mag]. Based on the UV and optical light curves, we derived that a 56 Ni mass of about 0.88 M was synthesized in the explosion. The earlier spectra are characterized by noticeable highvelocity features of Si II λ6355 and Ca II with velocities in the range of ∼ 22, 000-25, 000 km s −1 . At around the maximum light, these spectral features are dominated by the photospheric components which are noticeably narrower than normal SNe Ia. The post-maximum velocity of the photosphere remains almost constant at ∼12,000 km s −1 for about one month, reminiscent of the behavior of some luminous SNe Ia like SN 1991T. We propose that SN 2012fr may represent a subset of the SN 1991T-like SNe Ia viewed in a direction with a clumpy or shell-like structure of ejecta, in terms of a significant level of polarization reported in Maund et al. (2013) .
INTRODUCTION
Type Ia supernovae (SNe Ia) are widely accepted as the results of thermonuclear explosion of accreting carbonoxygen white dwarf (WD) with a mass close to the Chandrasekhar limit (∼1.4 M ) in a binary system (Hillebrandt & Niemeyer 2000; Wang & Han 2012; Maoz et al. 2014) . They play important roles in many aspects of astrophysics, especially in observational cosmology because of their use as distance indicators probing the expansion history of the universe (Riess et al. 1998; Schmidt et al. 1998; Perlmutter et al. 1999) . Observationally, most of the SNe Ia show strikingly similar photometric and spectroscopic behavior (i.e., Suntzeff et al. 1996; Filippenko 1997) , and the remained scatter can be better understood in terms of an empirical relation between lightcurve width and luminosity (i.e., Phillips 1993) . Nevertheless, there is increasing evidence for the observed diversity that cannot be explained with such a relation. The representative subclasses include: (1) overluminous group like SN 1991T characterized by weak Si II absorption and prominent iron in the near-maximum light spectra (Filippenko et al. 1992a; Phillips 1992) ; (2) un-derluminous events like SN 1991bg that exhibit strong Si II λ5972 and ∼4000Å Ti features (i.e., Filippenko et al. 1992b; Benetti 2005) ; (3) peculiar objects like SN 2002cx which have extremely low ejecta velocities and luminosities (Li et al. 2003) ; (4) super-Chandrasekhar mass SNe Ia like SN 2007if (Scalzo et al. 2010 ) and SN 2009dc (Silverman et al. 2011) , which are characteristic of extremely high luminosity but relatively low expansion velocity. In addition, there are also reports of circumstellar interaction in some SNe Ia such as SN 2002ic (Hamuy et al. 2003) and PTF 11kx (Dilday et al. 2012) , though their classifications are still controversial because of bearing similarities to type IIn supernovae. The existence of above peculiar subtypes indicate that there are possibly multiple channels leading to SN Ia explosions.
Besides peculiar SN Ia events, specific classification schemes have recently been proposed to highlight the diversity of relatively normal SNe Ia. For example, Benetti (2005) found that normal SNe Ia can be further subclassified by the temporal velocity gradient of the Si II λ6355 line, i.e., the group with a high-velocity gradient (HVG) and the group with a low-velocity gradient (LVG). Based on the equivalent width (EW) of the absorption features of Si II λ5972 and Si II λ6355, Branch et al. (2006 Branch et al. ( , 2009 suggested dividing the SN Ia sample into four groups: cool (CL), shallow silicon (SS), core normal (CN), and broad line (BL); the CL and SS groups mainly consist of peculiar objects like SN 1991bg and SN 1991T, respectively. Wang et al. (2009a) proposed using the expansion velocity of the Si II λ 6355 line to distinguish the subclass with a higher Si II velocity (HV) from that with a normal velocity (NV). In spite of different criteria adopted in these classifications, the respective subsamples show some overlap with each other. For example, the FAINT subclass from Benetti (2005) tend to match the SN 1991bg/CL subclass. The HV subclass overlap with the BL and the HVG ones, as suggested by the Berke-ley and CfA spectral datasets of supernova (Blondin et al. 2012; Silverman et al. 2012) . In particular, the HV SNe Ia are found to have redder B −V colors (Wang et al. 2009a ) and different locations within host galaxies in comparison to the NV ones (Wang et al. 2013) , suggesting that the properties of their progenitors may be different.
SN 2012fr is a type Ia supernova discovered at a relatively young phase in nearby galaxy NGC 1365 (Klotz et al. 2012; Childress et al. 2012) . Owing to its brightness, extensive follow-up observations were performed in multi-wavebands for this object immediately after the discovery. Childress et al. (2013, hereafter C13) have presented observations of earlier optical spectra for SN 2012fr, showing clear signatures of high-velocity features (HVFs) that are detached from the photospheric components. After comparing with subclasses of SNe Ia defined in different classification schemes, they suggested that SN 2012fr may represent a transitional event between nominal spectroscopic subclasses of SN Ia, with important dissimilarities with the overluminous SN 1991T-like subclass of SNe Ia. Maund et al. (2013) presented the spectropolarimetric observations of this object, spanning from −11 days to +24 days with respect to B-band maximum light. They found that the high-velocity components of the spectral features are highly polarized in the earlier phases but the polarization decreases as these features become weaker. However, the continuum polarization for the SN is always low <0.1%, suggestive of an overall symmetry of the photosphere for SN 2012fr.
In this paper, we present extensive optical and ultraviolet (UV) observations of SN 2012fr. The large dataset of SN 2012fr can help us further understand diversity of SNe Ia, its physical origin, and impact on cosmological applications. The paper is organized as follows. Observations and data reductions are described in Section 2. Section 3 presents the UV and optical light and color curves, while Section 4 presents the spectral evolution. In Section 5 we constructed the bolometric luminosity of SN 2012fr and discussed its classification. The conclusions are given in Section 6.
OBSERVATIONS AND DATA REDUCTION
SN 2012fr was discovered by Klotz et al. (2012) on 2012 Oct. 27.05 (UT is used throughout this paper) using the 0.25 m robotic telescope TAROT La Silla observatory, Chile. Its coordinates are R.A. = 03h33m35s.99, Decl. = −36
• 07 37.7 (J2000), located at 3 west and 52 north of the center of the nearby galaxy NGC 1365 (see Figure 1) . The host is a faced-on, Sb-type galaxy with a giant bar in the Fornax cluster, and has been extensively studied because of harboring a Seyfert 1.8 nucleus (see a review by Lindblad 1999) . The supernova is located in a faint region that is not far from the bar of the host galaxy (see Figure 1 ).
An optical spectrum taken one day after the discovery shows that SN 2012fr was a young SN Ia (Childress et al. 2012) , with extremely HVFs of Si II and Ca II. Our observations of this supernova started from 2012 Nov. 04 with the Yunnan Faint Object Spectrograph and Camera (YFOSC) mounted on the Li-Jiang 2.4-m telescope (hereafter LJT) of Yunnan Astronomical Observatories (YNAO), China. The YFOSC observation system is equipped with a 2.1K×4.5K back-illuminated, blue sensitive CCD, which works in both the imaging and long-slit spectroscopic modes (see Zhang et al. 2012 for detailed descriptions of the YFOSC). In the imaging mode, the CCD has a field of view of 9 .6 × 9 .6 (corresponding to an angular resolution of 0 .28 per pixel). With this system, we collected a total of 42 photometric datapoints and 20 spectra in the optical. Extensive UV and optical photometry were also obtained with the Ultraviolet/Optical Telescope (UVOT) on the space-based Swif t telescope. Our optical photometry for SN 2012fr was obtained in the BV RI bands with the LJT and YFOSC system, covering the period from t = ∼+11 days to t =∼+71 days since the B-band maximum light. All of the CCD images were reduced using the IRAF 8 standard procedure, including the corrections for bias, flat field, and removal of cosmic rays. As SN 2012fr was very bright and in a faint region of the host galaxy (see Figure 1) , we skipped the step of subtracting the galaxy template in the photometry. The standard point-spread function (PSF) fitting method from the IRAF DAOPHOT package (Stetson 1987 ) was used to measure the instrumental magnitudes for both the SN and the local standard stars. These magnitudes were then converted to the standard Johnson U BV (Johnson et al. 1966) and Kron-Cousins RI (Cousins 1981 ) systems through transformations established by observing Landolt (1992) standards during photometric nights. The average value of the photometric zeropoints, determined on four photometric nights, was used to calibrate the local standard stars in the field of SN 2012fr. Table 1 lists the standard BV RI magnitudes and the corresponding uncertainties of 8 local standard stars labeled in Figure 1 . The magnitudes of Note. -Uncertainties, in units of 0.01 mag, are 1 σ. these stars are then used to transform the instrumental magnitudes of SN 2012fr to those of the standard BV RI system, and the final results of the photometry from the LJT are listed in Table 2. 2.1.2. Optical/UV Observations from Swf it UVOT SN 2012fr was also intensively observed with the UVOT (Roming et al. 2005) on board the Swif t satellite (Gehrels et al. 2004) , spanning from t ≈ −14 days to t ≈ +126 days relative to the B-band maximum light. The photometric observations were performed in three UV filters (uvw2, uvm2, and uvw1) and three broadband optical filters (U ,B and V ). All of the Swif t images were reduced using HEASoft (the High Energy Astrophysics Software) 9 -a "uvotsource" program with the latest Swif t Calibration Database 10 . As the PSF profile is slightly dependent on the count rate of the source, we adopted the aperture photometry in the reduction. The photometric aperture and the background value were set according to Poole et al. (2008) . Since the UVOT is a photon-counting detector and suffers from coincidence loss (C-loss) for bright sources, the observed counts need corrections for such losses. This has now been automatically done by the "uvotsource" program based on an empirical relation given by Poole et al. (2008) . As the instrumental response curves of the UVOT optical filters 9 http://www.swift.ac.uk/analysis/software.php 10 http://heasarc.gsfc.nasa.gov/docs/heasarc/caldb/swift/ do not follow exactly those of the Johnson U BV system, color-term corrections have been further applied to the magnitudes. Table 3 lists the final UVOT UV/optical magnitudes of SN 2012fr.
Spectroscopy
A total of 20 low-resolution spectra of SN 2012fr were obtained with the YFOSC on the LJT, with the wavelength covering from ∼3400Å to ∼9100Å. A few very early-time spectra obtained through Astronomical Ring for Access to Spectroscopy (ARAS 11 ) were also included in our analysis. A journal of our spectroscopic observations is given in Table 5 .
All spectra were reduced using standard IRAF routines. The spectra were flux-calibrated with the spectrophotometric flux standard stars (e.g., LTT-1020) observed at a similar air mass on the same night. The spectra were further corrected for the continuum atmospheric extinction at the Li-Jiang Observatory; moreover, telluric lines were also removed from the data. 2.3. Spectrophotometry As it can be seen that the spectra obtained with the LJT for SN 2012fr have a better phase coverage compared with the photometry. In particular, these spectra have better flux calibrations and cover well the wavelength range of the BV R filters, as shown in Figure 2 . This enables us to fill in the gaps of the light curves through spectrophotometry. The synthetic magnitudes were derived by convolving the observed spectra with the transmission curves of the filters, and are listed in Table  4 . The spectrophotometry is overall consistent with the photometry to within 0.10 mag in the BV R bands, but larger differences emerge in the I band because of limited wavelength coverage of our spectra. The errors listed in Table 4 include uncertainties in slit loss, sky transparency loss, and flux calibration of the spectra. A slit width of 1 .8 was used in the observations, which is larger than the typical seeing at Li-Jiang observatory (i.e., ∼ 1 ). The slit-loss is therefore negligible for our spectra. Note. -Uncertainties, in units of 0.01 mag, are 1σ; MJD = JD-2456000. The spectra have been corrected for reddening and redshift before being used for spectrophotometry. a Relative to the epoch of B-band Maximum
The uncertainty due to the sky transparency loss should be small as the flux standard star LTT-1020 is very close to SN 2012fr. In the I band, the synthetic magnitudes still suffer from the uncertainty in the adopted spectral shape of the wavelength region from 9100Å to 11000Å. A spectral template with a similar ∆m 15 (B) was taken from Hsiao et al. (2007) , and an uncertainty of 10% was assumed in the calculation. Note that the uncertainties on the derived magnitudes may be underestimated as compared to those listed in Table 4 because of large airmasses through which SN 2012fr and LTT-1020 were observed at Li-Jiang Observatory. Figure 3 shows the optical and UV light curves of SN 2012fr. Besides the color-term corrections, additional magnitude corrections such as S-corrections (Stritzinger et al. 2002) are also applied to the light curves to account for the differences between the instrumental responses and those defined by Bessell (1992) . No S-corrections were applied to the UV data. In the optical bands, the observations of the LJT and YFOSC system agree well with the Swif t observations. Detailed analysis of the light and color curves are presented in the following subsections.
LIGHT CURVES OF SN 2012FR

Optical and Ultraviolet Light Curves
With the LJT and Swif t light curves, we derived the parameters of peak magnitudes, maximum dates, and light-curve decline rates ∆m 15 (i.e., Phillips 1993), as listed in Table 6 . It is found that SN 2012fr reached a B-band maximum brightness of 12.01 ± 0.01 mag on JD 2456243.50±0.30 (2012 Nov. 12.00 UT), and it reached at the V -band maximum of 11.99±0.01 mag at about 1.5 days later. The observed light-curve decline rate ∆m 15 (B) and the maximum-light color B max − V max are estimated as 0.85±0.05 mag and 0.02±0.03 mag, respectively.
LJT-YFOSC BVRI
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Swift-UVOT Our estimates of these parameters are consistent with those reported by C13 who derived that B-band light curve has a peak brightness of ≈12.0 mag on 2012 Nov. 12.04 and a decline rate ∆m 15 (B) = 0.80 mag. A smaller decline rate suggests that SN 2012fr should be intrinsically luminous if it follows the light curve widthluminosity relation (i.e., Phillips 1993; Riess et al. 1996; Goldhabor et al. 2001; Guy et al. 2005) . After corrections for the Galactic reddening of E(B −V ) = 0.02 mag (Schlegel et al. 1998) , the corresponding color index of B max − V max becomes 0±0.03 mag. This suggests insignificant host-galaxy reddening for SN 2012fr according to the intrinsic colors of SNe Ia (e.g., Phillips et al. 1999; Wang et al. 2009a) . and SN 2009ig can be put into the 91T-like (or SS) subclass and HV subclass, respectively. In the UV bands, the light curve peaks of SN 2012fr are similar to that of the comparison sample except for SN 2011fe which has an apparently faster post-maximum decline rate. Difference also exists in the optical bands where the tail of SN 2011fe appears to be fainter than SN 2012fr and other comparison SNe by 0.3-0.5 mag, depending on the wave- bands. We further noticed that SN 2012fr perhaps has a more prominent shoulder feature at about 30 days after the maximum brightness in comparison with other SNe Ia of our sample. This feature is stronger in SN 2012fr than the others in the I band, bears about the same strength as the others in the R band, and may be a little stronger than the others in the V band. In observations, the relative strength of the I-band secondary shoulder is found to correlate with decline rate (and hence peak luminosity), being more prominent and occurring later in more luminous SNe Ia. This observed behavior may be taken as further evidence that SN 2012fr has a larger production of nickel (and hence iron group elements) in the explosion (Kasen 2006) , consistent with the 56 Ni estimated in Section 5.1.
In general, the overall light curve evolution of SN 2012fr resembles closely to those of SN 2007S and SN 2009ig, although SN 2007S is not well sampled in the UV bands. SN 2011fe matches well with SN 2012fr near the maximum phase, but they show noticeable differences in the later phases (especially at shorter wavelengths). Figure 5 shows the color curves of SN 2012fr, corrected for the Galactic reddening from Schlegel et al. (1998) In B − V , SN 2012fr is redder than the comparison SNe Ia by ∼0.2 mag near the maximum light. During the period from t ∼ 40 days to t ∼ 80 days, the B − V color of SN 2012fr appears somewhat bluer than that of SN 2005cf and SN 2011fe, with a slope steeper than the Lira − P hillips relation (Phillips et al. 1999) . A similar feature of faster B − V evolution is also seen in the HV SNe Ia at comparable phases (e.g., Wang et al. 2008 ). The V − R and V − I color curves of SN 2012fr exhibits a behavior that is very similar to those of the comparison SNe.
The Galactic reddening of SN 2012fr is E(B −V ) Gal = 0.02 mag (Schlegel et al. 1998 ), corresponding to an extinction of 0.06 mag adopting the standard reddening law of Cardelli et al. (1998) . The reddening due to the host galaxy can be estimated by several empirical methods. A value of ∼0.1 mag can be derived for E(B − V ) host by using the empirical relation established between the intrinsic B max − V max color and ∆m 15 (i.e., Phillips et al. 1999; Wang et al. 2009b ). The comparison of the late-time B − V color with that predicted by the Lira − P hillips relation (see the dashed line in Figure 5 ) gives a host-galaxy reddening of E(B − V ) host = −0.07 mag for SN 2012fr. The negative reddening is apparently unphysical. This inconsistency indicates that the intrinsic color is not well understood yet for SNe Ia of different subtypes; and any empirical method should be used with caution for any individual SN Ia. On the other hand, the high-resolution spectrum of SN 2012fr does not show any significant signature of Na I D absorption feature (C13), suggesting a low reddening. C13 therefore placed an upper limit, with E(B −V ) < 0.015, for the host-galaxy reddening of SN 2012fr. In the following analysis, we assume the total line-of-sight reddening of SN 2012fr as E(B −V ) = 0.03 mag.
OPTICAL SPECTRA
A total of 20 spectra of SN 2012fr were obtained with the LJT and YFOSC spectrograph, which covers a phase from t ≈ −7 to t ≈ +71 days relative to the B-band maximum light. The complete spectral evolution of SN 2012fr is presented in Figure 6 , where the three earliest spectra obtained through ARAS are also overplotted. The early-time ARAS spectra show strong absorption features at 5900 ∼ 6000Å , perhaps due to the largely blueshifted Si II λ6355. At around the maximum brightness, the spectral evolution of SN 2012fr generally follows that of normal SNe Ia but showing narrower and weaker absorption features of Si II 6355. The detailed spectral evolution is discussed in the following subsections.
Spectra Temporal Evolution
The spectral comparisons between SN 2012fr and other well-observed SNe Ia are shown in Figures 7 and 8 . All the spectra have been corrected for redshift but not for the reddening. Figure 7 displays the spectrum of SN 2012fr taken at t = −13 days, with typical features of W -shaped sulfur lines and iron lines at 4500∼5000Å. The most notable feature is the strong absorption trough at ∼ 5900Å , which can be attributed to the Si II λ6355 absorption formed in regions above the photosphere. Such a HVF is similarly seen in SN 2009ig and SN 2005cf, although SN 2005cf shows a relatively lower velocity. Note that this detached HVF is not observed in the spectrum of SN 2011fe, suggesting that it may be not a common feature for the spectroscopically normal SNe Ia. As it can be seen from the plot, the Si II feature is barely detected in SN 1991T at such an early phase (Mazzali et al. 1995) . In addition, we notice that the C II 6580 absorption can be detected in SN 2005cf and SN 2011fe, but not in SN 1991T and SN 2009ig. It is not clear whether SN 2012fr shows the C II λ6580 absorption at this phase because of a relatively poor S/N ratio for the spectrum (but see discussions below). Rest-frame Wavelength (Å) Figure 6 . Optical spectral evolution of SN 2012fr. The spectra have been corrected for the redshift of the host galaxy (V hel = 1636 km s −1 ) and telluric lines. They have been shifted vertically by arbitrary amounts for clarity; the numbers on the right-hand side mark the epochs of the spectra in days after B maximum. , and SN 2011fe (Pereira et al. 2013; Wang et al. 2014 in preparations) . At one week before the maximum, the spectrum is characterized by lines of singly ionized intermediate-mass elements (IMEs, e.g., Si, S, Mg and Ca). The absorption feature at 6000Å is dominated by the photospheric component of Si II λ6355; and the HVF becomes nearly invisible in all of our sample. There is no significant signature of C II 6580 absorption in the t = −7 day spectrum of SN 2012fr, consistent with the conclusion reached by C13 from their earlier spectra. We noticed that such a C II feature is not visible in cates that the distribution of Ca II in the outer layer of the ejecta may provide another significant signature to identify the diversity of SN Ia explosions. A minor absorption at ∼ 5750Å is likely due to Si II 5972, which is absent in the early spectra; the weak strength suggests a relatively high temperature for the photosphere with respect to normal SNe Ia (Nugent et al. 1997) .
Around maximum brightness, the absorption feature of Si II λ6355 in SN 2012fr evolves as a relatively normal profile. Nevertheless, the line profile of Si II λ6355 appears apparently narrower compared to those of the nor- (Nugent et al. 1997) , is an approximate indicator of the photospheric temperature, with a larger value corresponding to a lower temperature. We measured this parameter to be 0.07±0.02 for SN 2012fr near the maximum light, which is noticeably smaller than the corresponding value for the standard Ia SN 2005cf, suggesting a higher photospheric temperature for SN 2012fr.
At t ∼ +7 days, our sample generally exhibit a similar spectral evolution, with the HVFs becoming undetectable in the main spectral lines. One interesting feature is that the absorption trough of Ca II IR feature clearly splits into two components in SN 2012fr, SN 2001eh, and SN 2007S. This behavior is also consistent with the narrow Si II profiles seen in these three events, suggesting that the ejecta produced from their explosions may be confined into a smaller range of velocity compared to SN 2005cf, SN 2009ig, and SN 2011fe . At t ∼ 1 month (Figure 8d ), the spectra are dominated by iron lines and a strong Ca II IR triplet absorption trough. The double absorption features of Ca II IR triplet be- To examine the mechanism forming the narrower Si II and Ca II lines, we adopted the parameterized resonance scattering synthetic-spectrum code SYNOW (Fisher et al. 1999; Branch et al. 2005) to fit the t = 0 day spectrum of SN 2012fr (see green line in Figure 8b ). The radial dependence of the line optical depth is chosen to be exponential with an e-folding velocity v e (i.e., τ ∝ exp(−v/v e )). We found that the v e should be smaller than 1000 km s −1 in order to fit the narrow Si II absorption at 6100Å in SN 2012fr, suggesting that the silicon layer (and perhaps the Ca II layer) becomes optically thin near the photosphere.
The Ejecta Velocity
In this subsection, we examine the ejecta velocity of SN 2012fr via the absorption features of some spectral lines. The location of the blueshifted absorption minimum was measured by using both the Gaussian fit routine and the direct measurement of the center of the absorption, and the results were averaged. Figure 9 shows the evolution of the line profiles of Si II λ6355, Ca II IR triplet, and Ca II H&K. For these lines, the blue-side absorption feature gradually weakens with the emergence of the red-side component; such an overall evolution clearly suggests the presence of another HV component in these spectral features. Adopting the double-Gaussian fit and attributing the absorption on the blue side to the high-velocity component, we estimate from the t = −7 day spectrum that the detached components of Si II λ6355 and Ca II H&K have a velocity of ∼22,000 km s −1 and ∼25,000 km s −1 , respectively. These velocities are much higher than the corresponding photospheric velocities (e.g., v phot ∼12,000 km s −1 ; see Figure 10 ).
Inspection of Figure 9 (a) reveals that the detached high-velocity component of the Si II line almost disappears in the t = −7 days spectrum, indicating that the HVF of Si II line is detectable for only a very short time in some SNe Ia. In contrast, the corresponding HVFs of the Ca II IR triplet can last for a longer time and is still detectable in the t = + 7 days spectrum of SN 2012fr. The duration for the HVFs of Ca II H&K lines, as shown is Figure 9 (b), is unclear due to the possible contamination of the Si II λ3860 line. This needs to be clarified, as the Ca II H&K absorption feature may be a potential indicator of SN Ia diversity (e.g., Maguire et al. 2012) . As shown in Figure 9 (b), the fits using detached high-velocity and photospheric Ca II match well with the observed spectra; the HVF slows down with time and the photospheric component remains at a constant velocity of 12,000 km s −1 (see also Fig. 10 ). In contrast, neither the high-velocity nor the photospheric component of Si IIλ3860 (see the dashed lines in the plot) match the two absorption features of Ca II H&K lines before t = +7 days. Thus there does not seem to be any need for Si II 3860 in those profiles of earlier spectra (but see Foley et al. 2013 ). However, the Si II λ3860 may contribute to the Ca II H&K absorption trough in the later spectra. For example, the absorption near 3720Å in the t ≈ +17 spectrum might be due to the photospheric Si II λ3860 line (see also Table 7 ), as the HVFs of Ca II should have disappeared at this late phase (see also 9(c)). Si II 6355 HV (Childress et al. 2013) l Ca II IRT HV (Childress et al. 2013) Figure 10. Velocity evolution of different elements inferred from the spectra of SN 2012fr. The inset plot shows the velocity evolution of the detached, high-velocity components. All of the velocity data are listed in Table 7 .
Figure 9(c) shows the evolution of Ca II IR triplet absorption. The HVFs dominate the line profiles in the earlier phase (see also C13 ), but the substructures of Ca II λ8498, λ8542Å, and λ8662 absorptions are hardly separated because of the blending. In the t = −4 days spectrum, the photospheric components are visible and the weak absorption features near 8200Å and 8350Å can be identified as Ca II 8542 (at ∼ 12,100 km s −1 ) and Ca II 8662 (at ∼ 12,100 km s −1 ), respectively. The Ca II λ8498 absorption is marginally detected at ∼8160Å in the t = +3 day spectrum, but it seems to become progressively strong with time along with Ca II 8542 and Ca II 8662 in the later spectra. It is worth mentioning that the three components of Ca II IR triplet absorptions show a clear separation in the t = +71 day spectrum. The narrow line wings indicate that the ejecta is perhaps confined into a narrow range of velocity.
The derived velocities of the intermediate-mass elements (IMEs) such as S, Si, and Ca as a function of time are shown in Figure 10 and Table 7 . Overplotted are the corresponding velocities obtained by C13. One can see that our results agree with theirs to within 100 km s −1 at similar phases. We also notice that the photospheric velocities of Ca II IR triplet derived in C13 are slower than ours at t < +6 days. This difference might be due to the uncertainties in the fitting process of the line profiles, as the photospheric components of Ca II IR triplet are relatively weak in the earlier phases and may not be appropriately indicated with the Gaussian profiles. In SN Ia spectra, the Si II λ6355 line can better trace the velocity of the photosphere because this feature suffers less blending with other lines. After the maximum light, the velocity of Si II 6355 remains at ∼12,000 km s −1 for over a month, with a velocity gradient of 2 ± 13 km s −1 day −1 . Such a low velocity gradient is consistent with that derived from C13 at similar phases (e.g., 0.3±10 km s −1 day −1 ). Such a low velocity gradient is similarly seen for the velocity evolution of Ca II, which clearly puts SN 2012fr into the LVG category of SNe Ia according to the classification scheme of Benetti et al (2005) . As it can be seen from Figure 10 , the IMEs of SN 2012fr generally have similar expansion velocities (e.g., ∼12,000 km s −1 ), suggestive of a relatively uniform distribution of the burning products in the ejecta. Table 8 collects the basic information for SN 2012fr and its host galaxy.
DISCUSSIONS
The Peak Luminosity and the Nickel Mass
To further examine the properties of SN 2012fr, it is important to know the luminosity of SN 2012fr and the nickel mass produced in the explosion. The distance to SN 2012fr is important for deriving these two quantities. Direct measurements to its host galaxy NGC 1365 are available through several methods. In our analysis, we adopt the most recent measurement from the Tully-Fisher relation which gives a distance modulus µ = 31.38 ± 0.06 mag (Tully et al. 2009 ) or a distance of 18.9 Mpc. Adopting this distance and correcting for the galactic extinction, we derive the absolute B-and Vband peak magnitudes as M B = −19.49± 0.06 mag and M V = −19.48± 0.06 mag, respectively. This indicates that SN 2012fr is brighter than a typical SN Ia (e.g., M V = −19.27 mag from Wang et al. 2006 ) by ∼20%.
The bolometric luminosity of SN 2012fr is derived from the UV and optical photometric observations. The near- 
Note. -Uncertainties, in units of 10 km s −1 , are 1 σ. a Deduced from double-Gaussian fit. 12,100 ± 100 km s −1 v 10 2 ± 13 km s −1 day −1 R(Si) 0.07 ± 0.02
Note. -vmax is the velocity of Si II λ6355 measured at the B-band maximum; v10(Si II) represents the value obtained at t = +10 days. The velocity gradient during this period is defined aṡ v10 (Benetti et al. 2005) ; R(Si) represents the ratio of Si II 5972 and Si II 6355 lines at the B-band maximum. a Measured by Tully-Fisher relation (Tully et al. 2009 ). b Schlegel et al. (1998) infrared (NIR) emission is corrected according to the flux ratio derived by Wang et al. (2009b) . They found that the ratio of the NIR-band emission (9000-24,000Å) to the optical (3200-9000Å) lies between 5-20% for normal SNe Ia like SN 2005cf, depending on the supernova phase. An uncertainty of 10% is assumed for the NIR corrections in the derivation of bolometric luminosity. Considering the SN Ia emission as a blackbody radiation, the missing UV flux at wavelengths shorter than Swif t UV filters (e.g., < 1600Å) is estimated to be < 3.0% based on the spectral template of Hsiao et al. (2007) , we thus ignored its contribution in the calculation.
The peak bolometric luminosity of SN 2012fr is estimated to be (1.82 ± 0.15) × 10 43 erg s −1 . The uncertainty includes the errors in the distance modulus, the observed magnitudes, and the NIR corrections. With the derived bolometric luminosity, the synthesized 56 Ni mass can be estimated using the Arnett law (Arnett 1982; Stritzinger & Leibundgut 2005) :
where t r is the rise time of the bolometric light curve, and M N i is the 56 Ni mass (in units of solar masses, M ). From the discovery information (Childress et al. 2012) of SN 2012fr, we estimate the rise time to be about 18 days in the V band. Inserting this value and the maximum bolometric luminosity into Equation (1), we derive a nickel mass of 0.88 ± 0.08M for SN 2012fr. This value is smaller than that of SN 1991T (e.g., 1.1M ; Contardo et al. 2006 ) and larger than that of SN 2005cf (e.g., 0.78 M ; Wang et al. 2009b Sahu et al. 2011), and SN 2011fe (e.g., 0.53 M ; Pereira et al. 2013 ). Blondin et al. (2012) and Silverman et al. (2012) presented detailed comparison study of different classification schemes based on the large SNe Ia spectral datasets from the CfA and Berkeley SuperNova Ia Program, respectively. From the near-maximum light spectrum of SN 2012fr, the equivalent width of Si II λ6355 and Si II λ5972 lines is measured to be about 60Å and 4Å (see Table 8 ), respectively. The weak Si II absorption shows some similarities to the SS/91T subclass of SNe Ia, though its location is also close to the core-normal subclass in the Branch diagram, as shown in Figure 11a and c. On the other hand, SN 2012fr can be clearly put into the LVG group of the classification system of Benetti et al. (2005) in terms of the lower velocity gradient. In the Wang et al. diagram, however, SN 2012fr resides between the HV and the 91T-like subclasses (Figure 11b and d) . SN 2012fr has an expansion velocity slightly higher than a normal SN Ia, but it bears many properties that are not seen in the HV subclass. The weak Si II absorption (see Table 9 ) near the maximum light, the lower velocity gradient, and the higher luminosity are all reminiscent of the properties of the 91T-like objects. Although the HVFs of Ca II IR are also found to be relatively strong for those events (Childress et al. 2014) , the absolute strength of these HVFs are usually very weak in the 91T-like objects (e.g., with EW < 50Å ). Moreover, SN 2012fr has very strong HVF of Si IIλ6355 but this feature is rarely detected in the 91T-like events. This discrepancy further complicates the classification of SN 2012fr.
The Spectroscopic Classification
To examine whether SN 2012fr forms a separate subgroup of SNe Ia, we attempt to collect a sample like SN 2012fr to get a better statistical study of their photometric and spectroscopic behaviors. Figure 11 shows the distribution of SNe Ia 12 . We found that SN 2012fr and a few other SNe Ia (including SNe 2001eh, 2004br, 2005eq, 2006cm, and 2007bz) cluster tightly together in the plot, all showing unusually narrow line profiles of Si IIλ 6355 and Ca II IR triplet. Another common feature for these objects is that they all have smaller light-curve decline rates, with ∆m 15 1.0 mag. It is notable that most of the Narrow-Lined (NL) SNe Ia can be also put into the SS/91T-like subclass. Inspection of Figure 11d reveals that the NL subclass also overlap largely with the 91T-like subclass, with 10, 000 km s −1 v Si II 12,000 km s −1 . The above analysis indicates that SN 2012fr could be a subset of the SS/91T-like subclass. The differences seen in the earlier phases, such as the HVFs of Si II and Ca II, may be explained by the viewing-angle effect. Maund et al. (2013) obtained the spectropolarimetric measurements of SN 2012fr and found the high-velocity components are highly polarized in the early phases, with the degree of polarization being 0.40% for Si II line and 0.85% for Ca II lines. At around the maximum light, the polarizations for the photospheric components of Si II and Ca II are found to be 0.65% and 0.54%, respectively. On the other hand, the line polarizations of 91T-like SNe Ia are usually at low levels (e.g., < 0.20%) according to Wang et al. (2007) . We therefore propose that SN 2012fr may be a counterpart of the 91T-like SNe Ia, but it was viewed in a direction where the ejecta has a clumpy or shell-like structure.
CONCLUSION
We have presented the ultraviolet and optical observations of SN 2012fr from the Swif t UVOT and the LiJiang 2.4-m telescope. Our observations show that SN 2012fr is a luminous SN Ia. The maximum bolometric luminosity deduced from the UV and optical light curves is (1.82 ± 0.15) × 10 43 erg s −1 , corresponding to a synthesized nickel mass of 0.88 ± 0.08 M .
Generally, the spectral evolution of SN 2012fr show some similarities to the HV SNe Ia in the early phase because of showing detached HVFs but it becomes more similar to the 91T-like subclass in the near-maximum and later phases. In the very earlier phases, strong HVFs are present in the Ca II IR triplet, Ca II H&K, and Si II λ6355 lines at velocities of 22,000-25,000 km s −1 . The absorption of Si II and Ca II formed from the photosphere has a velocity of 12,000 km s −1 and exhibits an unusually narrow line profile.
A comparison with other SNe Ia indicates that SN 2012fr is characterized by narrow-lined, photospheric component near the maximum light. We found that the SNe Ia similar to SN 2012fr are usually slow-decliners with ∆m 15 (B) 1.0 mag, and they show a large overlap with the members of the shallow-silicon/SN 1991T-like subclasses in the Branch et al. and Wang et al. classification schemes. These results, together with the asymmetric high-velocity material, suggest that SN 2012fr may represent a subset of 91T-like SNe Ia viewed at different angles. A larger sample of SN 2012fr-like explosions with very early spectral observations as well as polariza-
